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Monoclonal Antibodies to RNA Binding Protein GW182 

I. Field of the invention 

[0001] The present invention includes heterologous monoclonal 
antibodies that specifically bind to human GW182 protein, GWBs, and mRNA 
metabolism. In addition, MAb 2D6 Is useful as a diagnostic probe probe of 
GW182 and GWBs, specifically In archived tissues. 

II. Background* of the Invention 

[0002] Many ribonucleoprotein (RNP) particles, such as Sjagren's 
syndrome antigen A (SS-A/Ro). Sjogren's syndrome antigen B (SS-B/La), and 
components of U2-U6 RNP complexes (first named the Smith (Sm) antigen) 
have been identified and characterized through the use of human 
autoantibodies.(l^) Recently human autoantibodies were used to identify 
and characterize a novel 182 kDa protein autoantigen named GW 182.(5) The 
GW182 protein contains multiple glycine(G)/tryptophan(W) repeats and a 
RNA recognition motif (RRM) near the CQOH4emiinus. This protein was 
found to be a marker for novel cytoplasmic structures designated GW bodies 
(GWBs).(5) This protein, which harbors an RNA recognition motif (RRM), was 
demonstrated to bind a discrete subset of mRNAs from HeLa cells. The 
GW182 protein binds to a subset of mRNAs and is one of a growing number 
of messenger ribonucleoproteins (mRNP) that include ELAV/Hu, elF-4E, and 
polyA binding protein {PABP).(6.7) 

[0003] A novel autoantigen named GW182 was recently identified when 
the serum from a patient with a sensory ataxic polyneuropathy was used to 
Immunoscreen a HeLa cDNA library. Unique features of the GW182 protein 
include 39 repeats of glycine (G) and tryptophan (W) residues, binding to a 
subset of messenger RNA and localization to unique structures within the 
cytoplasm that were designated GW bodies (GWBs). 
[0004] Cytoplasmic proteins associated with mRNA are involved in 
storing, degrading, transport or stabilization of mRNAs once they are 
transferred from the nucleus. (6,8-1 1) These processes have been referred to 
as components of the ribonome or post-transcriptional operon.(7,9,12) 
Because the processing and regulation of mRNA is an intense area of 
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research, molecular tools to study GW182 and GW bodies would be valuable 
reagents. Although human autoantibodies to the GW182 protein and GW 
bodies are available, they have limited use because they often bind to other 
intracellular components. Hence, we sought to generate murine monoclonal 
antibodies (MAbs) to GW182 that could subsequently be used to conduct 
more thorough studies of GW bodies and their biology in a variety of tissues 
and species. 

[0005] It is postulated that the GW182 protein, which contains both a 
putative RRM domain and nuclear localization signal (NLS)(5), may bind 
subsets of mRNAs at the nuclear pore complex and then participate in their 
storage or degradation. The composition of GW bodies as observed by IIF 
and immunoelectron microscopy,(5) could include other proteins involved in 
regulation or processing of specific mRNAs. Among the intriguing possibilities 
is that GW182 and related proteins may be involved in 

the storage(9,12) or controlled degradation of mRNA.(23,24) Recent reports 
of cytoplasmic sites of mRNA decapping and degradation bear similarities to 
structures that contain GW1 82.(25,26) Pilot studies based on exchange of 
reagents have suggested that the cytoplasmic structures referred to as stress 
granules(27) are not present in the HEp2 ceils used in these studies nor do 
the' IVIAbs described here co-localize with mariners of stress granules 
(unpublished observations). Taken together, these observations suggest that 
the GW182 protein and GWBs are involved in mRNA metabolism and, more 
specifically, GWBs may be functional s ites within the cytoplasm involved in 
mRNA degradation. Interesting features of the GW182 protein include 39 
repeats of glycine (G) and tryptophan (W) residues and its localization in 
unique cytoplasmic structures that have been designated as GW bodies 
(GWBs). The GW182 protein, which has an RNA recognition motif and binds 
specific mRNAs, is thought to be part of a mRNA-protein macromolecular 
complex. It has been postulated that GWBs provide an additional level of 
posttranscriptional gene regulation and function in mRNA processing in a cell 
compartment referred to as the ribosome or posttranscriptional operon [12, 
13]. More recent evidence implicates the GW182 protein and GWBs in mRNA 
degradation pathways [14], The goal of the present study was to characterize 
the B-cell immune response in patients with antibodies to GWBs and the 
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GW182 protein which resides within the GWBs and to assess the clinical 
features of these patients. This is the first report of the clinical features of 
patients with anti-GWB antibodies and a description of the GW182 epitopes 
bound by these sera. 

[0006] Notwithstanding the usefulness of the above-described 
compositions and methods, a need still exists for monoclonal antibodies that 
specifically bind to GW182 and to diagnostic assays using those monoclonal 
antibodies. 

III. Summary of the Invention 

[0007] This invention provides monoclonal antibodies that specifically bind 
to GW182, and diagnostic and clinical assays using those compositions. . 
[0008] The identification of autoantigens and the characterization of their 
respective epitopes are used as diagnostic tools to assist in the clinical 
evaluation of autoimmune d iseases [4, 5, 6]. For example, the presence of 
autoantibodies to double-stranded DNA and the Sm small nuclear 
ribonucleoproteins (RNPs) are highly specific serological marlcers for systemic 
lupus erythematosus (SLE) [7]. Sjogren's syndrome (SjS) is characterized by 
the presence of autoantibodies to SS-A/Ro, and/or SS-B/ia [8]. In addition, the 
identification of autoantigens and their association with autoimmune disease 
is a key approach to understanding the autoimmune disease state [9, 10], 
[0009] Given the following enabling description of the drawings, the 
inventions should become evident to a person of ordinary skill in the art. 

IV. Brief Description of the Drawings 

[0010] Figure 1 shows a summary of epitopes on GW 182 recognized by 
the monoclonal antibodies of the present invention. 

[0011] Figure 2 shows the amino acid sequence and position of the 
GW182 protein synthetic peptides and their reactivity with three patient sera 
with anti-GWB antibodies. The gradient of white to black indicates increasing 
intensity of reaction of antibodies with peptide. 
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V. Detailed Description of tiie Invention 

[0012] The present invention is a tieterologous monoclonal antibody 
{Mfiih) that specifically binds to GW 182 protein or fragments or portions 
thereof. 

[0013] Some embodiments of the invention include a heterologous 
monoclonal antibody (MAb) that binds to one or more epitopes of the GW182 
protein. An exemplary list of epitopes is shown in Figures 1 and 2. GW182 is 
a human protein, so heterologous refers to a non-human MAb, e.g., a murine 
monoclonal antibody. 

[0014] An embodiment of the invention includes MAh 2D6 and having 

deposit number , or fragments or portions thereof. 

[0015] An embodiment of the invention includes MAb 4B6 and having 

deposit number , or fragments or portions thereof. 

[0016] An embodiment of the invention includes MAb 5C6 and having 

deposit number , or fragments or portions thereof. 

[0017] An embodiment of the invention includes MAb 6D7 and having 

deposit number , or fragments or portions thereof. 

[0018] The present Invention also includes the use of one or more of the 
antibodies, antibody fragments, or functional equivalents noted above in a 
diagnostic or clinical assay in which GW1 82 protein may be involved. In 
preferred embodiments of the invention, the antibody, fragment, or equivalent 
is used to determine the presence of GW 182 in serum, in vivo or in vitro. 
[0019] An embodiment of the invention also includes the use of any of the 
antibodies, fragments, or equivalents thereof to diagnose or treat any disease, 
syndrome, condition, or indication that involves or is mediated by GW182. 
[0020] An embodiment of the invention is the use of any of the antibodies, 
fragments, or equivalents thereof to screen serum, preferably human serum, 
for the presence of GW182 proteins. 

[0021] The characterization of a novel panel of MAbs that bind to the 
GW182 protein and identify GWBs in HEp-2 cells and archived tissues that 
were subjected to ARM is shown in Table 1 . These antibodies are useful in 
defining the components of the ribonome and the function of the GW182 
protein and GW bodies. The ribonome and regulation of gene expression by 
post-transcriptlonal processes likely involves various compartments for mRNA 
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processing.(9,12) These MAbs can be used to detect the GW182 protein and 
GW bodies in the cytoplasm of tissue culture cells by IIF and archived tissues 
after ARM. In addition, some have the potential to be useful in Western blot 
and immunoprecipitation of cell extracts. By Western blot analysis, the MAb 
4B6 showed the clearest reactivity with a ,180- kDa protein, whereas the MAb 
6D7 reacts very strongly with a higher molecular mass protein than the protein 
identified by the prototype human serum and 486. This apparent paradox may 
have sieveral explanations. One explanation is that the GW182 protein was 
previously shown to be phosphorylated(5), and It is possible that 6D7 reacts 
with an epitope that is uniquely exposed on post-translationatly modified forms 
of the GW182 protein. 

[0022] These MAbs also serve as Important reference reagents in a 
clinical diagnostic setting when it may be necessary to identify sera suspected 
of having auto-antibodies to the GW182 protein and/or the GW bodies, and 
have clinical relevance in the identification of patients with Sjogren's 
syndrome and a subset of patients with neurological diseases. The availability 
of MAbs provides useful reagents to confirm the presence of anti-GW182 
antibodies in sera and other biological fluids by IIF co-localization, 
immunoblotting and immunoprecipitation, and other serological assays, such 
as the laser bead immunoassay described in the examples. The MAbs are 
specific for, and specifically bind to, the GW182 protein as shown by a 
number of different assays including the multiplexed laser bead assay and 
epitope mapping. The pattern of epitope binding by the MAb was quite 
diverse. MAb 486 and 5C6 exhibit the most specific and discrete binding 
patterns in that they recognized relatively few synthetic peptides. The 
observation that MAb 2D6 recognized several epitopes is not surprising 
considering it is an IgM antibody. IgM antibodies are well known to exhibit 
lower affinity binding and therefore can bind to multiple related epitopes. 2D6 
identifies a subset of cells in breast cancer tissue that have features of 
invasive malignancy. 

[0023] As used herein, a ligand-binding agent refers to a complementary 
set of molecules that demonstrate specific binding for each other. A 
ligand/anti-ligand pair generally binds with relatively high affinity, and for this 
reason, may be highly desirable for use with the present invention. A very 
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well known ligand/anti-ligand pair is biotin and avidin. As used herein, avidin 
refers to avidin, streptavidin, neutravidin, derivatives and analogs thereof, and 
functional equivalents thereof. Avidin may bind biotin in a multivalent or 
univalent manner. Other exemplary ligand/anti-ligand pairs include, but are 
not limited to, homophyllic peptides, heterophyllic peptides, "leucine zippers", 
zinc finger protelns/ds DNA fragment, enzyme/enzyme inhibitor, 
hapten/antibody, ligand/ligand receptor, and growth factor/growth factor 
receptor.. 

[0024] As used herein, delivery of the antibody or a composition 
containing the antibody can occur using a catheter, a microcatheter or by 
needle and syringe. Delivery by catheter or microcatheter is most often 
achieved by access through the arterial circuit, however delivery of the solid 
agent through the venous circuit is also desirable. As an example, the solid 
agent in the form of particles, coils or stents can be delivered by catheter to 
the target site using the arterial or venous circuits. Delivery of the solid agent 
using the arterial circuit is advantageous since the capillary beds downstream 
of the applied agent in the target tissue act as a means of trapping the agent, 
thereby preventing the agent from entering the systemic circulation. The solid 
agent can also be localized within the arterial circulation using a targeting 
agent associated with the solid agent. Delivery of the solid agent using the 
venous system is also desirable. Localized delivery of the solid agent in the 
venous system can be accomplished by binding the solid agent to the target 
site using a targeting agent associated with the solid agent. The solid agent 
can also be delivered to the target site during a surgical procedure. As an 
example, the solid agent in the form of particles can be delivered by syringe 
and needle to the target site. As a further example, the solid agent in the form 
of a coil or stent can be placed manually at the target site during the surgical 
procedure. 

[0025] As used herein, therapeutically beneficial, providing a therapeutic 
benefit or the like refers to a desirable change in the physiology of the 
recipient animal. In a preferred embodiment of the invention, the change is 
detectable. In accordance with the invention, any biological mechanism that 
involves activated platelets or platelet modulation may be used or harnessed 
to achieve a beneficial therapeutic result. Exemplary therapeutic benefits 
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produced in accordance with the present invention include, but are not limited 
to, forming a thrombus, forming a piatelet-mediated occlusion, eliminating a 
hyperplastic tissue or cells, eliminating a tumor and/or tumor ceils, diminishing 
the size of a hyperplastic tissue, diminishing the size of a tumor, causing the 
hyperplastic tissue or tumor to become susceptible to additional therapies 
such as chemotherapy and/or radiation therapy or the like, starving or 
reducing the nutrient supply to a hyperplastic tissue or cancer, repairing AV- 
malformations, reducing or preventing blood loss from endoleaks and 
repairing vessel aneurysms. 

[0026] As used herein, "administering" refers to any action that results in 
delivering a composition containing a solid-phase agent to a pre-determined 
cell, cells, or tissue, typically mammalian. Administering may be conducted in 
vivo, in vitro, or ex vivo. For example, a composition may be administered by 
injection or through an endoscope or catheter. Administering also includes 
the direct application to cells of a composition according to the present 
invention. For example, during the course of surgery, the vasculature of 
tumor or hyperplastic tissue may be exposed, fn accordance with an 
embodiment of the invention, the exposed cells or vasculature may be 
exposed directly to a composition of the present invention, e.g., by washing or 
irrigating the surgical site, vasculature, and/or the cells. 
[0027] The solid-phase platelet-binding agent can be localized to a 
specific target site using a binding or targeting agent. Exemplary binding or 
targeting agents include, but are not limited to: monoclonal antibodies; 
polyclonal antibodies; chimeric monoclonal antibodies; humanized antibodies; 
genetically engineered antibodies; fragments of antibodies, selected from the 
group consisting of F(ab)2, F(ab*)2, Fab, F(ab'), Dab, Fv, sFv, scFv, Fc, and 
minimal recognition unit; single chains representing the reactive portion of 
monoclonal antibodies (SC-Mab); tumor-binding peptides; a protein, including 
receptor proteins; peptide; polypeptide; glycoprotein; lipoprotein, or the like, 
e.g.» growth factors; lymphokines and cytokines; enzymes, immune 
modulators; hormones, for example, somatostatin; a ligand (paired with its 
complementary anti-ligand); oligonucleotides; any of the above joined to a 
molecule that mediates an effector function; and mimics or fragments of any 
of the above. Analogs of the above-listed targeting moieties that retain the 
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capacity to bind to a defined target cell population may also be used within the 
claimed invention. In addition, synthetic targeting moieties may be designed. 
[0028] Monoclonal antibodies useful in the practice of the present 
invention include whole antibodies and fragments thereof. Such monoclonal 
antibodies and fragments are producible in accordance with conventional 
techniques, such as hybridoma synthesis, recombinant DNA techniques and 
protein synthesis. Useful monoclonal antibodies and fragments may be 
derived from any species (including humans) or may be formed as chimeric 
proteins, which employ sequences from more than one species. See, 
generally, Kohler and l\/lilstein, Nature, 256:495-97, 1975; Eur. J. Immunol., 
6:511-19, 1976. The preferred binding and/or targeting agent capable of 
localizing the solid-phase agent to a target site is an antibody or antibody-lil<e 
molecule, preferably a monoclonal antibody. A more preferred binding agent 
is an antibody that binds a iigand/receptor complex on hyperplastic tissue or 
cells (e.g., tumor) or the vasculature associated with hyperplastic tissue or 
ceils. The most preferred binding agent is an antibody or antibody-like 
molecule that binds a growth factor/growth factor receptor complex either on 
or in the vicinity of the tumor mass such as the tumor vasculature. In a 
preferred embodiment of the invention, the binding agent (i.e., antibody or 
antibody-like molecules) would bind to the VEGFA/EGF receptor complex. In 
a further preferred embodiment of the invention, the antibody or antibody-like 
molecule binding would recognize a neo-epitope (cryptic or previously 
unavailable epitope) formed due to ligand/receptor (i.e., growth factor/growth 
factor receptor) interaction. In a further preferred embodiment of the 
invention, the binding of the antibody or antibody-like molecules to the growth 
factor/growth factor receptor complex would not affect the function of either 
the growth factor or the growth factor receptor. 
[0029] Oligonucleotides, e.g., anti-sense oligonucleotides that are 
complementary to portions of target cell nucleic acids (DNA or RNA), are also 
useful as targeting moieties in the practice of the present invention. 
Oligonucleotides binding to cell surfaces are also useful. 
[0030] Functional equivalents of the aforementioned molecules are also 
useful as targeting moieties of the present invention. One targeting moiety 
functional equivalent is a "mimetic" compound, an organic chemical construct 
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designed to mimic the proper configuration and/or orientation for targeting 
moiety-target cell binding. Anotlier targeting moiety functional equivalent is a 
short polypeptide designated as a "minimal" polypeptide, constructed using 
computer-assisted molecular modeling and mutants having altered binding 
affinity, such minimal polypeptides exhibiting the binding affinity of the 
targeting moiety. 

[0031] The Fv fragments of Immunoglobulins have many significant 
advantages over whole Immunoglobulins for the purpose of targeted tumor 
therapy, including better lesion penetration on solid tumor tissue and more 
rapid blood clearance, as well as potentially lower Fc-mediated 
immunogenicity. An exemplary single-chain Fv (scFv) binding agent may be 
engineered from the genes Isolated from the variable regions of antibodies 
recognizing a ligand/receptor complex. 

[0032] Any composition that Includes a monoclonal antibody of the 
present invention with or without a targeting agent according to the invention 
may be used in vivo or in vitro In a clinical or diagnostic assay. The 
composition may include one or more adjuvants, one or more carriers, one or 
more excipients, one or more stabilizers, one or more permeating agents 
(e.g., agents that modulated movement across a cell membrane), one or more 
imaging reagents, one or more effectors; and/or physiologically-acceptable 
saline and buffers. Generally, adjuvants are substances mixed with an 
immunogen in order to elicit a more marked immune response. The 
composition may also include pharmaceutically acceptable carriers. 
Pharmaceutically acceptable carriers include, but are not limited to, saline, 
sterile water, phosphate buffered saline, and the like. Other buffering agents, 
dispersing agents, and inert non-toxic substances suitable for delivery to a 
patient may be included in the compositions of the present invention. The 
compositions may be solutions suitable for administration, and are typically 
sterile, non-pyrogenic and free of undesirable particulate matter. The 
compositions may be sterilized by conventional sterilization techniques. 
[0033] In a preferred embodiment of the invention, a suitable composition 
includes a binding or targeting agent that binds to ligand/receptor complex. 
Exemplary antigens useful as targets in accordance with the present invention 
Include, but are not limited to, antigens associated with cancer, including, 
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lung, colon, rectum, breast, ovary, prostate gland, head, neck, bone, immune 
system, blood, or any other anatomical location. Exemplary antigens and/or 
pre-determlned sites include but are not limited to VEGFA/EGF receptor 
complex, FGF/FGF receptor complex, or TGF.beta/TGF.beta receptor 
complex, p-seiectin, sialyl-lewis X, endothelin, endothelin receptor, 
endothelin/endothelln receptor complex, alpha-fetoproteln. platelet-endothelial 
cell adhesion molecule (PECAM), CD31, CD34. CD36, glycoprotein lb (GPIb), 
endoglin. thrombomodulin, endothelial leukocyte adhesion molecule (ELAM), 
intercellular adhesion molecule 1 (ICAM-1), MHC-I. and MHC-II. The subject 
may be a human or animal subject. 

[0034] In accordance with a method of the invention, the binding agent 
must be capable of binding a ligand/receptor complex, and may be 
administered to the patient by any immunologically suitable route. For 
example, the binding agent may be introduced into the patient by an 
Intravenous, intra-arterial, subcutaneous, intraperitoneal, intrathecal, 
intravesical, intradermal, intramuscular, or Intralymphatic route. The 
composition may be In solid, solution, tablet, aerosol, or multi-phase 
formulation forms. Liposomes, long-circulating liposomes, Immunoliposomes, 
biodegradable microspheres, micelles, or the like may also be used as a 
carrier, vehicle, or delivery system. Further more, using ex vivo procedures 
well known in the art, blood, plasma or serum may be removed from the 
patient; optionally, it may be desirable to purify the antigen in the patient's 
blood; the blood or serum may then be mixed with a composition that includes 
a binding agent or the solid-phase agent according to the invention; and the 
treated blood or serum is returned to the patient. The clinician may compare 
the responses associated with these different routes in determining the most 
effective route of administration. The invention should not be limited to any 
particular method of introducing the binding agent into the patient. 
[0035] Administration may be once, more than once, or over a prolonged 
period. As the compositions of this invention may be used for patients in a 
serious disease state, i.e., life-threatening or potentially life-threatening, 
excesses of the solid-phase agent may be administered if desirable. Actual 
methods and protocols for administering pharmaceutical compositions, 
including dilution techniques for injections of the present compositions, are 
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well known or will be apparent to one skilled in the art. Some of these 
methods and protocols are described in Remington's Pharmaceutical 
Science, Mack Publishing Co. (1982). 

[0036] A solid-phase agent may be administered in combination with other 
binding agents, or may be administered in combination with other treatment 
protocols or agents, e.g., chemotherapeutic agents, embolizing agents such 
as Gelfoam or polyvinyl alcohol (PVA) particles or the like. 
[0037] As is well known In the art, a disadvantage associated with 
administering treatment agents or treatment agent conjugates in vivo includes 
non-target or undesirable target binding. It is therefore a desirable attribute of 
any administered composition to minimize non-target binding, to minimize 
non-target exposure to the treatment agent or active agent, and/or to 
maximize clearance of non-bound binding agent, ilgand, or active agent. 
iVIoreover, optimizing these attributes typlcaiiy penmits administering a higher 
dose of active agent, a therapeutic agent, or an element of the process that 
activates a previously un-activated agent. Those skilled in the art are weli 
versed in selecting the optimal parameters for administering the highest 
possible dose while remaining safely below a toxic threshold. 
[0038] compositions and methods of the present invention include any 
mechanism of delivering a composition to the pre-selected site, including but 
not limited to systemlcally, locally, orally, or topically. 

VI. Examples 

[0039] Examplel. Serum and antibodies 

[0040] The index human serum was from a Caucasian woman who had a 
mixed motor and sensory polyneuropathy. This serum was selected based on 
its reactivity to an apparently unique cytoplasmic domain and it was used to 
isolate the original GW182 cDNA.(5) A polyclonal rabbit antibody directed to 
GW182 was produced as previously published.(5) 

Example 2. Indirect immunofluorescence (IIF) 

[0041] The presence of anti-GW1 82 antibodies was first Identified on 
HEp-2 cell substrates (ImmunoConcepts Inc., Sacramento, CA) by indirect 
immunofluorescence (IIF) using techniques as previously described.(13,14) 
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Secondary antibodies included Cy3 conjugated goat anti-human IgA, IgG, 
IgM. and fluorescein isothlocyanate (FITC) conjugated affinity purified goat 
antSmouse IgG, IgM (Jackson ImmunoResearch, West Grove, PA). Co- 
locallzation of the Index human serum and the murine antibodies was 
conducted using a Leica DM RXA2 microscope with the appropriate FITC. 
Cy3. and DAPI filter sets. Images were captured with a Princeton Instruments 
digital camera and processed In Adobe Photoshop version 5.5. 

Example 3. Antigen retrieval method (ARM) 

[0042] Archived human cancer tissues that were fixed and embedded In 
paraffin by conventional histopathology techniques were obtained from the 
Department of Pathology at The Scripps Research Institute (La Jolla, CA). 
Five- to eight-micron sections were floated onto Superfirost Plus glass slides 
(Fisher Scientific, Springfield, N J) and allowed to dry on a wanti plate set at 
aye. The paraffin was removed through three changes of xylene at room 
temperature for 5 min and the sections were then brought to distilled water 
through a graded series of ethanol (100, 95, and 75%). The slides were rinsed 
in two changes of deionized water and then immersed in 250 mL of an 
antigen retrieval solution AR-10 (Biogenex, San R^imon, CA, cat. # HK057- 
5K). The slides were placed in a plastic holder, transferred into a microwave 
pressure cooker (NordicWare, Minneapolis, MN) and subjected to 800-850 W 
of power for 15 min. The power was then reduced to 300-350 W and the 
microwave treatment continued for an additional 15 min. The slides were 
removed from the pressure cooker after the solution had cooled and 
Incubated in phosphate-bufl'ered saline (PBS: 0.01 M sodium phosphate 
buffer, 0.1 5M NaC!. pH 7.3) at room temperature for 30 min. The tissues on 
the slides were then overiaid with the primary antibody diluted In PBS, a cover 
slip was placed on top of the solution, and they are incubated over night at 
4°C. The primary antibody was then removed in three changes of PBS and 
processed for I IF as described above. 

Example 4 . Recombinant protein production and generationof mouse MAbs 
[0043] The cDNA Insert encoding a partial length GW1 82 protein(5) was 
subcloned into the expression vector pET28 (Novagen, Wl) and transfomned 
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to E. coli JM109 (DE3) for recombinant protein production. The N-tenninal 63 
histidine fusion recombinant protein was purified from a 1-L culture using Ni21 
affinity chromatograpiiy as per the manufacturer's instructions (Qiagen. 
Vaienda. CA). Mice were then immunized by injections of 10 mg of the 
purified recombinant protein (100-mL volume of antigen) in an equal volume 
of Freund's complete adjuvant followed by two subsequent injections of 
protein In Freund's incomplete adjuvant. The production of anti-GW182 was 
monitored by II F of serum as described above and when high titers of 
antibodies were observed, the mice were sacrificed, the spleens removed and 
processed to produce MAbs. The spleen cells were fused to Sp2/mlL6 
myeloma cells at a ratio of approximately 5:1 in the presence of 40% 
polyethylene glycol (PEG)1500. The hybridoma cells were selected using 
Dulbecco's modified Eagle's minimal essential medium (DI\^EI\/I) medium that 
contained 20% fetal bovine serum (FBS), hypoxantine. aminopterine, and 
thymidine (HAT) (100 mM sodium hypoxanthine, 0.4 mM aminopterin, and 16 
itjM thymidine), OPI (2.2 mM oxalacetic acid, 0.1 mM sodium pyruvate, and 
0.4 U bovine Insulin/mL). 10 mM HEPES, 10% NCTC-109 medium, 55 mM 
beta-mercaptoethanol, IX antlbiotlc/antimycotic (Gibco, Grand Island, NY) 
and gentamlcin (50 mg/mL). 

Example 5. In vitro transcriptionAranslation and immunopreclpitation 
[0044] The full-length GW182 cDNA(5) was used as a template for in vitro 
transcription and translation (TnT. Promega, Madison, Wl) in the presence of 
I35Sl-methionine at SCC for 1.5-2 h.(5,14) Immunopreclpitation (IP) of the in 
vitro translated products was prepared by incubating 100 mL of a 10% (v/v) 
suspension of protein G-Sepharose beads (Phannacla, Uppsala. Sweden) 
with 10 mL of the MAbs. 500 mL of NET2 buffer [50 mM Tris-HCI, pH 7.4, 150 
mM NaCI. 5 mM ethylene-diaminetetraacetic add (EDTA). 0.5% Nonldet P- 
40, 0.5% deoxycholic acid, 0.1% SDS, 0.02% sodium azide] and 10 mL of 
labeled protein was added. After a 2-h incubation period at 4-8''C, the beads 
were washed five times in NET2. For the MAb 2D6, a preincubation step was 
done with 100 mL of unconjugated IgG affinity purified goat anti-mouse lgGi 
IgM (Jackson ImmunoResearch Lab, West Grove, PA), 500 mL NET2, and 
100 mL protein G Sepharose beads for 1 h at 4°C. The bound antibody- 
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antigen complexes were eluted with 10 mL of sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer and analyzed 
by SDSPAGE as described. (15) 

Examples. Western blot 

[0045] HeLa cell extracts were obtained and fractloned on a 10% SDS- 
PAGE, which was then transfenred to nitrocellulose, as previously 
described.(14) Human and rabbit sera, and MAbs were diluted or added neat 
to the nitrocellulose strips for 1 h. Following washing with PBS-Tween, 
horseradish peroxidase (HRP)-conjugated antibodies, either goat anti-rabbit, 
goat antihuman or goat anti-mouse were diluted according to the 
manufacturer's instructions and applied to the strips for one hour at room 
temperature. Subsequent reactivity was then detected using the enhanced 
chemiluminescence (ECL) kit (Amersham Biosciences, Bale d'urfe, Quebec). 

Example?. Epitope mapping 

[0046] Solid phase peptides were prepared as described elsewhere.(16- 
18) Briefly, sequential peptides of 15 amino acids offset by 5 amino acids 
were synthesized to represent the entire length of the GW182 protein. 
Immunoblotting was carried out by first soaking the membrane in TBS (10 mM 
Tris/Cl pH7.6, 150 mM NaCI) and then blocked with 2% milk/TBS. Mouse 
MAb supernatants were diluted [1/10] in 2% milk/TBS and applied to the 
membrane. After 2 h of Incubation at room temperature, the membrane was 
washed three times at 5-min intervals with TBS. Secondary antibody to HRP- 
conjugated anti-mouse antibodies (Jackson ImmunoResearch Lab) was 
diluted according to the manufacturer's protocol and the reaction was 
visualized using ECL Westem blotting detection reagents (Amersham 
International). After the sequences of the reactive epitopes were Identified, a 
BI-AST search of all genomes was conducted to Identify homologous 
sequences in other proteins. 

Example 8. Laser bead immunoassay 

[0047] Addressable laser beads (Luminex Corp., Dallas, TX) were 
obtained and processed as described, (19-22) An appropriate set of spheres 
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(Luminex Corp.) bearing laser reactive dyes were selected for coupling the 
recombinant purified GW182. Unless specified, all Incubations and reactions 
were at room temperature. Ten micrograms of 1-ethyl-3-(3- 
dimethylaminopropyl) carboiimlde hydrochloride (EDC, Pierce Rockford, IL) 
and A/hydroxysuccinimlde (NHS, Pierce) were placed In separate 
microcentrifuge tubes (USA Scientific, Inc.) and dissolved In 200 mL of 
activation buffer (0.1 M sodium phosphate, pH 7.2). One hundred microliters 
of the laser bead suspension was placed into a microcentrifuge tube and 
centrifuged at 10,000 rpm In an Eppendorf microfuge for 1 min and the fluid 
decanted. Forty microliters of activation buffer was added to the pelleted 
beads and they were gently resuspended by brief sonication and vortexing. 
Five microliters of the EDC and NHS were added in sequence to the 
resuspended microspheres, followed by brief sonication and vortexing. The 
suspended spheres were incubated in the dark for 20 min before the protein 
of interest, dissolved in PBS coupling buffer (0.01 M NaP04, 0.14 M NaCI, pH 
, 7.3), was added to the mixture. After an additional incubation in the dark for 
3 min, the suspension was centrifuged at 13,000 rpm for 3 min. The fluid was 
decanted and 125 mL of coupling buffer was added. The spheres were 
resuspended by sonication and vortexing as above before repeileting by 
centrifugation at 13,000 rpm for 3 min. The supernatant was decanted, 125 
mL of the protein solution (50 mg/mL) added and the beads resuspended by 
sonication and vortexing. The suspension was incubated for 1 h at room 
temperature in the dark. The protein-coupled microspheres were pelleted by 
centrifugation at 10,000 rpm for 2 min and then resuspended in 125 mL of 
washing buffer (PBS-T: PBS pH 7.2, 0.05% Tween 20). After two cycles of 
resuspension and pelleting in 125 mL of blocking/storage buffer (0.5% BSA in 
PBS), the beads were stored as a suspension in 100 mL of blocking buffer at 
2-8°C until required for use. MAbs were diluted in QUANTA Plex sample 
diluent (Inova. San Diego, OA) to a final dilution of 1/1000. To each well 40 
mL of bead stock (1 part microspheres in blocking buffer to 40 parts sample 
diluent) and 10 mL of diluted MAbs were added. The microwell plate was then 
placed on an orbital shaker and incubated for 30 min. To this mixture, 50 mL 
of the tagged phycoerythrin conjugated secondary goat anti-mouse antibody 
(Jackson Laboratories) was added at a [1/50] dilution. The reactivity obtained 
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was read using the Luminex 100 (Luminex Corp.) and compared with binding 
of an in-elevant MAb control (golgin97: Molecular Probes, Eugene, OR). 

Example 9. RESULTS 

[0048] We set out to develop a panel of mouse MAbs that would detect 
the GW182 protein and recognize GWBs.(5) Fifty candidate clones were 
identified when supematants derived from the mouse splenocyte fusions were 
Initially screened by enzyme- linl<ed immunoadsorbant assay (EL1SA) using a 
GW182 protein, and then for the distinctive cytoplasmic IIF pattenr^ observed 
with the index human serum. Four MAbs designated 4B6, 5C6, 6D7, and 2D6 
were selected for further study and characterization based on co-localization 
with the index human serum. Among the four MAbs, 4B6 displays a staining 
pattern that is most representative of the IIF pattern observed with the index 
human serum. The serological features of the MAbs, including their antibody 
Isotypes, are summarized in Table 1 . All of the MAbs were IgG Isotypes 
except for 2D6, which was an igM antibody. We have established that the 
MAbs stain cells and tissues from other species including mouse, rabbit, 
chiclcen, frog, and Drosophila sp. (data not shown). We next examined 
whether the MAbs bound to GW182 and GWBs In paraffin-embedded breast 
cancer tissues after application of the ARM technique. The best results were 
obtained with MAb 2D6, which reacted very strongly with GWBs in a subset of 
cells in the cancer tissue. This staining was compared with a parallel section 
stained with conventional hematoxylin and eosin. The specificity of reactivity 
of MAb 2D6 was supported when we showed that this reactivity co-localized 
with the staining produced by the index human serum (data not shown). 
Confirmation that all four mouse MAbs recognize the GW182 protein was 
demonstrated by immunoprecipltation of the radiolabeled recombinant protein. 
In this assay, the MAb 2D6 showed weaker reactivity when compared to the 
other MAbs. However, by Western blot analysis, 2D6 bound the partial-length 
62-kDa recombinant GW182 protein as did the other MAbs (Table 1). The 
Western blot analysis using HeLa cell extracts showed that only 4B6 and the 
Index human serum clearly recognized a ~1 80-kDa protein of the expected 
MW of the full length GW182 protein. The 2D6 and 5C6 MAbs reacted 
weakly with a ~1 80-kDa protein and more cleariy with at least two other higher 
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molecular weight proteins. MAb 6D7 reacted very strongly with a ~200-kDa 
protein. 

[0049] The final conflmnatlon that the MAbs bound to GW1 82 was 
demonstrated by the multiplexed laser bead assay. As shown in Table 1, all of 
the MAbs bound to the purified partial length GW182 protein In this assay. 
The level of reactivity (calculated as units of fluorescence) was higher than 
that seen with the index human sera and much higher than the negative 
control MAb directed to golgin 97. 

[0050] The membrane consists of a 1 5-mer peptide from the full-length 
protein that is offeet by 5 amino adds from the peptides to the immediate right 
and left. The epitopes recognized by the MAbs In this assay are summarized 
In Figure 1 . As expected, the MAbs reacted with relatively few epitopes. For 
example, MAbs 2D6 and 5C6 reacted strongly with epitopes encompassed by 
amino acids 586-605. MAb 2D6 also reacted with other nonoverlapping 
epitopes. In addition to Its major reactivity to regions 586-605, MAb 5C6 
displayed minor reactivity to the regions 626-640. In contrast, MAb 4B6 
reacted strongly with peptides represented by aa 621-645. MAb 6D7 
recognized peptides that, for the most part, do not overlap with the other 
MAbs (I.e., amino acids 791-815). When a BLAST search set to a cutoff of 
60% similarity over the entire length of the peptide was conducted, only the 
GW182 protein and related ESTs, KIAA1460, KIAA1582, and KIAA1093, 
showed Identity to the epitopes bound by the MAbs. This provided additional 
evidence that these MAbs are specific for the GW182 protein. 

Example 10. 

[0051] The goal of the present study was to Identify the clinical features of 
patients with antl-GW182 antibodies and to characterize the B cell anti- 
GW182 response by defining the epitopes bound by human autoantibodies. 
The most common clinical diagnosis of patients with anti-GW182 antibodies 
was Sjogren's syndrome followed by mixed motor/sensory neuropathy, and 
systemic lupus erythematosus. Of Interest, 5 (28%), 9 (50%), and 3 (17%) of 
the 18 sera that react with GWBs had autoantibodies to the GW182 and the 
52 kDa and 60 kDa SS-A/Ro autoantigens, respectively. Epitopes bound by 
the human autoantibodies were mapped to the GW-rich middle part of the 
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protein, the non-GW rich region, and the C-tenminus of GW182 protein. None 
of the GW182 epitopes had significant sequence similarities to other l<nown 
proteins. GW182 represents a new category of ribonucieoprotein 
autoantigens. 

Example 1 1 . l\/laterials and methods 
Patient serum and antibodies 

[0052] All human sera used in this study were obtained from serum banlcs 
at the advanced Diagnostics Laboratory (University of Calgary, Calgary, 
Canada), the W.M. Keck Autoimmune Disease Center (Scripps Research 
Institute, La Jolla, Calif,, USA), and Juntendo University (Tol^yo, Japan). The 
index human serum used in this study was selected based on Its reactivity to 
an apparently unique cytoplasmic domain and its reactivity with the native and 
recombinant GW182 protein [5]. Clinical information was obtained by 
contacting the referring physician and retrospective chart review. Indirect 
immunofluorescence The presence of anti-GW182 antibodies in the human 
sera were initially tested by Indirect immunofluorescence (IIF) using HEp-2 
cell substrates (Immuno Concepts, Sacramento, Calif., USA) and had a 
cytoplasmic staining pattern that was characteristic of anti-GWB antibodies 
[5]. Reactivity with GWBs was confimied by IIF colocalization studies on HEp- 
2 cells where a monoclonal antibody (4B6) to the recombinant GW182 protein 
which stains GWBs was used as the marker antibody [28]. Secondary 
antibodies for colocalization studies were fluorescein isothiocyanate 
conjugated anti-mouse IgG (Jackson ImmunoResearch, West Grove, 
Pa., USA) and fluorescein isothiocyanate or Cy3-conjugated anti-human IgG 
(Jackson ImmunoResearch). Nuclei in the cell substrates were stained with 
4p,6-diamidino-2-phenylindole that was included in the glycerol mounting 
medium (VectaShield, Vector, Buriingame, Calif., USA). 

In vitro transcription/translation and immunoprecipitation 
[0053] Reactivity of the sera with recombinant GW182 protein was 
confirmed by immunoprecipitation (IP) of the recombinant protein. The full- 
length GW182 cDNA was used as a template to synthesize the protein in an 
in vitro transcription and translation (TnT) protocol that used a rabbit 
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reticulocyte lysate kit (TnT, Promega Biotec, Madison, Wis., USA) in the 
presence of [35S]methionine at 30®C for 3-4 li as previously described [5]. 
To confirm the presence of TnT products 2- to 5-mI samples were separated 
by sodium dodecyi sulfate (SDS) polyacryiamide gel electrophoresis and 
analyzed by autoradiography. The TnT products were then used In IP 
reactions by combining 100 |jI of a 10% protein A Sepharose bead 
suspension (Sigma, catalog no. P-3391), 10 pi human serum, 500 pi NET2 
buffer (50 mM Tris-HCI, pH 7.4, 150 mM NaCI. 5 mM EDTA, 0.5% Nonidet P- 
40, 0,5% deoxycholic acid, 0.1% SDS. 0.02% sodium azide), and 10 pi of 
radiolabeled protein product. After Incubation for 1 h at 4-8°C the suspension 
was washed five times in NET2, the proteins eluted in 10 pi sample buffer, 
and analyzed by 10% gel SDS polyacryiamide gel electrophoresis as 
described [15]. 

Epitope mapping 

[0054] Epitope mapping employed sequential peptides of 15 amino acids 
offset by five amino acids, representing the full-length GW182 protein, were 
synthesized on membranes using the SPOT technology as previously 
described [17, 29]. The membranes containing the peptides were processed 
for Immunoblotting by soaking the membrane in Tris-buffered saline (TBS; 10 
mM Tris-HCI pH7.6, 150 mM NaCI) for 10 min and then blocking with 2% 
milk/TBS for 1 h at room temperature. The human sera were diluted 1/100 in 
2% milk/TBS and applied to the membrane. After 2 h of incubation at room 
temperature the membrane was washed three times with TBS. A horseradish- 
peroxidase conjugated goat anti-human IgG (Jackson ImmunoResearch) was 
diluted according to the manufacturer's protocol, and reactivity was visualized 
using enhanced chemllumlnescence westem blotting detection reagents 
(Amersham Intemational). After reactive epitopes were Identified a BLAST 
search of the GenBank using the reactive sequences as the query was 
conducted to identify homologous sequences in other proteins. 

Purified recombinant GW182 

[0055] The GW182 cDNA insert encoding a partial length of the GW182 
protein was subcioned into pET28 (Novagen, Madison, Wis., USA). 
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Escherichia coli JM109 (DE3) was transformed with this subclone, and the 
recombinant protein produced was purified using Ni2+ affinity chromatography 
as per the manufacturer's instructions (Qiagen, Valencia, Caiif., USA). This 
recombinant protein was subsequently used in the laser bead immunoassay 
described below. 

Laser bead immunoassay 

[0056] A set of addressable beads bearing laser reactive dyes (Luminex, 
Austin, Tex.,USA) were selected to couple the recombinant purified GW182 
protein. Unless otherwise specified, all incubations and reactions were 
conducted at room temperature. Ten micrograms of 1-ethyl-3-(3- 
dimethylaminopropyl) carbolimide hydrochloride (Pierce, Roclcford, III., USA) 
and N-hydroxysuccinimide (Pierce) was placed in separate microcentrifuge 
tubes (USA Scientific) and dissolved in 200 [xl activation buffer (0.1 M sodium 
phosphate, pH 7.2). Of the laser bead suspension 100 pi was placed into a 
microcentrifuge tube and centrifuged at 10,000 rpm in a microcentrifuge for 1 
min, and the fluid was decanted. Forty microliters of activation buffer was 
added to the pelleted beads, and they were gently resuspended by brief 
sonication and vortexing. Five microliters of 1'-ethyi-3-(3- 
dimethylamlnopropyi) carbolimide hydrochloride and N-hydroxysuccinimlde 
was added in sequence to the resuspended microspheres, followed by brief 
sonication and vortexing. The suspended spheres were incubated in the dark 
for 20 min before the purified recombinant GW182 protein, dissolved in 
coupling buffer (0.14 l\/l NaCI, 0.01 M NaP04. pH approx. 7.2: PBS), was 
added to the mixture. After an additional incubation in the darl< for 3 min, the 
suspension was centrifuged at 1 3,000 rpm for 3 min. The fluid was decanted 
and 125 |jl coupling buffer added. The spheres were resuspended by 
sonication and vortexing as above before repelleting by centrifugation at 
13,000 rpm for 3 min. The supernatant was decanted, 125 pi the protein 
solution (50 pg/ml) added, and the beads resuspended by sonication and 
vortexing. The protein and sphere suspension were incubated for 1 h at room 
temperature in the dari<. The protein-coupled microspheres were pelleted by 
centrifugation at 10,000 rpm for 2 min and then resuspended in 125 pi 
washing buffer (PBS pH 7.2, 0.05% Tween 20). After two cycles of 
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resuspension and pelleting in 125 [i\ blocking/storage buffer (0.5% BSA In 
PBS), the beads were stored as a suspension in 100 pi of blocking buffer at 
2-8®C until required for use. To analyze reactivity of the sera with the bound 
GW182, patient sera were diluted in Quanta Plex sample diluent (INOVA, San 
Diego, Calif., USA) to a final dilution of 1/1,000. To each well 40 pi of bead 
stock (1 part microspheres in blocking buffer to 40 parts Quanta Plex sample 
diluent) and 10 pi of diluted patient sera were added and incubated for 30 min 
on an orbital shaker. Then 50 pi phycoerythrin-conjugated goat anti-human 
IgG (Jackson ImmunoResearch) diluted 1/50 was added to each well and 
incubated on the orbital shaker for an additional 30 min. The reactivity of the 
antigen-coated beads was determined on a Luminex 100 dual-laser flow 
cytometer (Luminex). Control negative and standard positive sera were 
included In each assay. The tests were semiquantitative, and the results were 
expressed as median fluorescent intensity of the test sample. 

Line immunoassay 

[0057] The serum samples were tested for reactivity to other autoantigens 
using a *'line" assay that Includes recombinant and native SmB, SSA/ Ro52, 
SS-A/R06O. SSrB/la, U1-RNP, Scl-70, ribo P antigens located on a solid 
phase strip (INNO-LIA. Innogenetics, Norcross, Ga.. USA). The assays were 
perfonmed according to the manufacturer's instructions, and at the completion 
of the assay the strips were dried and were interpreted based on visual 
comparison of the intensity of the bands on the test strip to the cutoff control 
on another strip. 

Example 12. Results 

[0058] IIP using the index human serum on HEp-2 cells showed a pattern 
of distinctive cytoplasmic dots and what was previously described as GWBs. 
The number of GWBs present in HEp-2 cells varied from zero in mitotic cells 
to more than 30 in interphase cells. Previously it was shown that GWBs 
containing the GW182 autoantigen are distinguished from other cytoplasmic 
organelles, including the Golgi complex, lysosomes, endosomes, and 
proteasomes [5]. Over a 14-month period the clinical reference laboratory 
(Advanced Diagnostics Laboratory, University of Calgary) received 

-21 - 



wo 2004/062462 



PCT/IB2004/000100 



approximately 5,000 sera for autoantibody analysis as requested by 
physicians who were investigating the presence of autoimmune disease, such 
as SLE and SJS, in their patients. From these 5,000 serum samples approx. 
200 sera showed a cytoplasmic speckled staining pattern on HEp-2 cells. Of 
these 200 sera 18 (9%) had autoantibodies to the GWBs as determined by 
colocalization with the monoclonal antibody 4B6 that reacts with the GW182 
protein and stains the GWBs. The other sera had antibodies to early 
endosome antigen 1, ribosomal RNP, mitochondria, cytoplasmic linker protein 
(CLIP-170), and other as yet unknown endosome or lysosome antigens. None 
of the 18 sera that bound GWBs had antibodies to dsDNA, chromatin, U1- 
RNP, topoisomerase I (Scl-70), fibrillarin (U3 RNP), or 
centromeres/kinetochores [30]. The immunoglobulin isotype of all sera witli 
antibodies to GWBs was IgG as shown by isotypespecific staining of HEp-2 
cells, Immunoblotting, and protein A Sepharose immunoprecipltation of 
recombinant GW182 protein. The anti-GWB titers as determined by IIP on 
HEp-2 cell substrates ranged from 1/320-1/5,120. 

[0059] A study of 2500 healthy female blood donors showed that none of 
these samples contained anti-GWB antibodies as determined by IIP using 
HEp-2 cells. Although all 18 sera had antibodies to the GW body, the 
multiplexed laser bead assay indicated that 4 of the 18 sera (nos. 1 , 3, 9, 10) 
recognized the recombinant GW182 protein which is one of several proteins 
found within GWBs (Table 2). When the reactivity of the 1 8 sera was also 
tested by IP using in vitro transcribed/translated protein, it was observed that 
4 sera (nos. 1, 3, 8, 10) IP the GW182 protein. Therefore when the data of the 
two assays that used recombinant protein are combined, 5 of the 18 sera 
ecognized GW182. 

[0060] The clinical data obtained on the 1 8 patients who had the GWB 
staining pattern are summarized in Table 1 . Of the 18 patients 17 (39%) with 
autoantibodies to the GWBs were women and ranged in age from 46 to 85 
years (mean 58). The clinical diagnoses could be stratified into three groups: 
group A composed of 9 patients had predominantly mixed motor and/or 
sensory neuropathy, although other disease manifestations were also noted; 
3 patients in group B had SjS in addition to some neurological features that 
overlapped with group A; in group C there were 6 patients who had SLE 
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and/or SjS without documented evidence of neurological disease. Wlien the 
various diagnoses or clinical conditions were tabulated individually, SJS was 
the most common, seen in 7 of 18 (39%), followed by patients with 
neurological disease (motor and sensory neuropathy and/or ataxia) in 6 
(33%), followed by SLE in 4 (22%). When it was obsen/ed that some of the 
patients had SLE and SjS, we were interested to determine whether 
autoantibodies to known autoantigens that are typical mariners of SLE and SjS 
were present. Autoantibodies to SS-A/Ro and SS-B/la were conrelated with 
the diagnosis of SjS in 6/7 patients diagnosed with SjS (Table 2). However, 
four patients in group A had anti-SSA/Ro52 antibodies but did not have a 
clinical diagnosis of SjS or SLE. interestingly, 9 sera had antibodies to the 52- 
kDa SS-A/Ro antigen, but 7 did not have coexisting antibodies to the 60 kDa 
SS-A/Ro antigen. One patient (no. 4) had a malar rash, arthralgia, and 
antibodies to the SmB protein but did not fulfill criteria for classification as 
definite SLE. 

[0061] Only 4 of the 1 8 patient sera (22%; nos. 1 , 3, 8, 1 0) with anti-GWB 
antibodies as defined by colocalization, IP the GW182 protein. Three of these 
four sera (nos. 1 , 3, 10; Table 2) were used for epitope mapping due to limited 
quantity available for the fourth serum (no. 8). Multiple epitopes over the 
entire length of GW182 were recognized by the patient sera (Fig. 2). Four 
overlapping reactive peptides were shared between patient no. 1 and patient 
no. 10: amino acids 666-695, 951-970, 1676-1690, 1691-1705. Several 
peptides were In common between patient no. 1 and patient no. 3: amino 
acids 431-450, 766-780, 921-945, 951«-970, 1101-1115. 1161-1185, 1191- 
1205, 1391-1410, 1431-1445, 1616-1630. Interestingly, only one peptide 
(151 1-1525) was bound by both patient no. 10 and patient no. 3. The reactive 
epitopes mapped to the GW-rich, the middle portion, the non-GW rich, and 
the C-terminal domains of the GW182 protein (Fig. 2). When the reactive 
peptides were subjected to a BLAST analysis, only the published GW182 
protein and related EST clones, KIAA1460. KIAA1582, and K1AA1093 showed 
more than 60% amino acid sequence identity. The KIAA1460 EST is l<nown to 
be partial-length GW182 [5]. 

[0062] Our study shows that multiple epitopes of the GW182 protein are 
recognized by the human antibodies. The SPOT method of epitope mapping 
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has been validated, and the majority of studies has shown that each patient 
displays an individual epitope pattern. The diverse and heterogenic epitope 
recognition pattern among the patients observed in this study is not unlikely 
since the fine specificity of B-cell immune processes strongly depends on the 
MHC system. Epitope mapping followed by BLAST analysis confirmed that 
the autoantibody targets are unique to the GW182 protein because sequence 
similarity to other known eukaryotic or prokaryotic proteins or expressed 
sequence tags was not observed. This suggests that the GW182 protein 
drives the autoimmune response and reactivity to endogenous or exogenous 
proteins with similar sequence motifs and molecular mimicry is less likely. 
This also raises the possibility that, as with many other autoantibody systems, 
autoreactivity to GW182 demonstrates intramolecular epitope spreading. 
[0063] The association of anti-GWB antibodies with antibodies to the 52 
kDa SS-A/Ro antigen, particularly in the patients with no evidence of SjS and 
SLE was an unexpected finding. Although the 52-kDa SS-A/Ro antigen has 
been localized to both the nucleus and cytoplasm, antibodies from a variety of 
sources directed to the 52-kDa SS-A/Ro autoantigen do not produce a GWB 
staining pattern. The function of the 52 kDa SS-A/Ro antigen is not clear, and 
the observation that It is associated with GWB antibodies may help clarify its 
function. 

[0064] In summary, GWBs are a novel class of RNP autoantigens that are 
specifically recognized by human autoantibodies. Over the past three 
decades several autoantigens that are part of RNP macromolecular 
complexes have been described, and we propose that autoantibodies to 
GWBs and GW182 now join this growing list [29]. Some of these 
autoantigens, including Sm, U1-RNP, and Hu, have been shown to have a 
central role in mRNA splicing, mRNA processing, and mRNA translation. In 
this study we observe that the diseases associated with autoantibodies to 
GWBs overlap with those associated with other RNPs but extend to patients 
who appear to have primary neurological disorders. 
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